To study the environmental and genetic factors affecting productive and reproductive traits, data on 5,897 cows from five main recorded herds (for 1964-2004) of Sahiwal cattle in Pakistan were used. A general linear model was applied on the data. The 305-day milk yield, total milk yield, lactation length, age at first calving, dry period, calving interval and service period averaged 1,393 ± 12 kg, 1,429 ± 11 kg, 235 ± 2, 1,390 ± 4, 244 ± 3, 464 ± 3 and 1,78 ± 3 days, respectively. The age at first calving was effected by herd, year and season of birth. The 305-day and total milk yields were affected by herd, year, season of calving, age at first calving, service period and lactation length while all other first lactation traits were affected by herd, year, season of calving and 305-day milk yield. Animal model heritability estimates for these traits were 0.11 ± 0.029, 0.11 ± 0.028, 0.09 ± 0.027, 0.02 ± 0.019, 0.05 ± 0.019, 0.12 ± 0.027 and 0.04 ± 0.020, respectively. Rate of decline in first lactation milk yield was 7 l per year over the last 35 years with genetic trend close to zero. Lactation length and service period decreased and age at first calving increased by 2, 1 and 6 days per year, respectively. Herd differences for most of the traits were significant. Improved feeding and management may improve performance traits of Sahiwal cattle. Accurate recording of pedigrees and performance traits would help improve genetic parameters. Variation among animals suggested that genetic improvement in milk yield is possible in Sahiwal cattle. : 0,11 ± 0,029; 0,11 ± 0,028; 0,09 ± 0,027; 0,02 ± 0,019; 0,05 ± 0,019; 0,12 ± 0,027 und 0,04 ± 0,020. Der Rückgang der Erstlaktationsleistung betrug in den zurückliegenden 35 Jahren jährlich 7 l mit dem genetischen Trend nahe null. Die Verringerung der Länge für Laktationsdauer, Serviceperiode, und Erstkalbealter lagen bei zwei, einem bzw. sechs Tagen pro Jahr. Bei den meisten untersuchten Merkmalen waren die Unterschiede zwischen den Herden signifikant. Verbesserungen hinsichtlich Fütterung und Management ermöglichen Leistungsverbesserungen der Sahiwal-Rinder, ebenso wie eine genaue Abstammungs-und Leistungsdokumentation dazu beitragen wird, die genetischen Parameter zu verbessern. Die vorhandene genetische Variation bei dieser Population wird eine weitere Verbesserung der Milchleistung der SahiwalRinder ermöglichen.
Introduction
Sahiwal cattle is dairy breed of Pakistan. It is considered as one of the best zebu milch breed in the tropics with higher disease resistance and heat tolerance properties. Many synthetics (such as Australian-Friesian-Sahiwal, Australian Milking Zebu, Frieswal, Jamaica Hope, Karan Swiss, Mafriwal, Mpwapwa and Taurindicus) have been developed from this breed for raising under tropical conditions. In its home tract, deterioration in its population number from 1.4 million (GOP, 1996) to 0.35 million (AHMAD et al., 2000) is ascribed to haphazard crossbreeding with Holstein for dairy purpose. Productivity has been either static or declining despite improved cattle management standards in commercial dairying. Genetic selection programme in the breed has almost been missing. Previous reports on the productive parameters of the breed vary considerably ( Table 1) . The genetic correlations between first lactation traits play important role in deciding single vs. multiple trait selection strategy. Direction and extent of correlations among various traits both within and across breeds vary considerably. Genetic correlation between first lactation milk yield and age at first calving in an Indian study (CHOUDHARY et al., 2003) is reported as -0.12 ± 0.38. However, MOHIUDDIN et al. (1991) and JAVED (1999) have reported this correlation as 0.44 and 0.60, respectively. Genetic correlation between first lactation milk yield and lactation length has been reported from 0.23 to 0.83 (DAHLIN et al., 1998; JAVED, 1999 and CHOUDHARY et al., 2003) . Materials and Methods Data on performance traits of Sahiwal Cattle from five main Governmental herds i.e. Livestock Experiment Station (LES) Allahdad, LES Bahadurnagar, LES Fazalpur, LES Jahangirabad and LES Khizerabad were utilized for this study. Lactation records of 5,897 Sahiwal cows sired by 300 males were available. Incomplete lactations for any recorded reason or ending with abortion or other anomaly were deleted. The number of records eliminated/edited was less than 4 % for any trait under study (Table 2) . Traits were analyzed under a fixed effect model having main effects of herd, year and season of birth/calving. Four seasons were defined as winter (December to February), spring (March to May), summer (June to August) and autumn (September to November). For 305-day and total lactation milk yield, lactation length, age at first calving and service period were fitted as covariables. For lactation length, age at first calving and service period were used as covariables. For calving interval, service period and dry period, the only variable was 305-day milk yield. These models were similar to CADY et al. (1983) and TALBOTT (1994) . Two-way interactions of year of calvings/birth were not possible as data pertained to different years for various herds. Herd by season interaction was fitted in the preliminary analysis but removed afterwards because the interaction was not significant for most of the traits. The h 2 and genetic correlations of first lactation traits were estimated using Restricted Maximum Likelihood procedure outlined by (PATTERSON and THOMPSON, 1971) fitting an Individual Animal Model. Herd-year-season of calving (HYS) combinations was used as fixed effect except for age at first calving where it was season of birth. Proceeding and/or preceding seasons were grouped together to have minimum of five observations for any HYS. All the known relationships were accounted for. The model was: y = Xb + Za + e where y = vector of observations; b = vector of fixed effects (i.e. herd-year-season combinations); a = vector of random animal effects; e = vector of random residual effects; X and Z were incidence matrices relating records to fixed and random animal effects, respectively. The expected values of a and e were E(a) = E(e) = 0. The variance-covariance structure assumed to be was V(a) = Aσ 2 a; V(e) = Iσ 2 e, and cov(a,e) = cov(e,a) = 0; cov(y,a) = ZAIσ 2 a, where A was the numerator relationship matrix.
For phenotypic and genetic correlations among some plausible combinations of traits, bivariate analysis was performed. The DFREML software (MEYER, 2000) was used to estimate genetic parameters and estimated breeding values (EBVs). The EBVs were then fitted in a fixed effect model having year of birth to get least squares solutions for plotting genetic trends. Fixed effect models were run using Statistical Package for Social Scientist (SPSS, 2004) .
Results

305-day milk yield
First lactation 305-day milk yield varied widely among different herds (Table 3 ). The production was highest at LES Allahdad and the lowest at LES Fazilpur. The first lactation 305-day milk yield of cows calving during different years showed a wide variation ( 
Total milk yield
The average lactation yield varied under different herd management conditions during different years and seasons (Table 3 ). The best lactation yield was observed in LES Allahdad whereas minimum at LES Fazilpur herd. The first lactation milk yield of cows calving in different years showed a wide variation with gradually decreasing trend over the years ( Figure 1 ). Autumn calvers had highest yield and seasonal pattern was similar to 305-day yield ( Figure 3 ). The h 2 estimate for first lactation total milk yield was similar to 305-day milk yield (Table 4 ). The genetic trend was close to zero ( Figure 2 ).
Lactation length
The first lactation length averaged 235 ± 2.2 days (Table 3 ). Cows at LES Bahadurnagar had longest lactation length while it was minimum in cows at LES Fazilpur. Phenotypic trend was negative. Lactation length decreased by 2 days per year over the last 38 years ( Figure 1 ). Spring calvers had higher lactation length than the cows calving in other seasons ( Figure 3 ). No specific genetic trend was observed for first lactation length (Figure 2 ).
Age at first calving
The overall age at first calving was 1390 ± 3.9 days with a range of 1,327 to 1,510 days among herds (Table 3 ). Cows at LES Bahadurnagar calved at the youngest age (1,327 ± 4.6 days). Overall phenotypic trend in the trait was positive (+5.6 days/year) with wide variation among herds (-8.4 to 21.9 days/year) (Figure 1 ). The h 2 estimate for age at first calving was close to zero (0.02 ± 0.019). The genetic correlation of age at first calving with first lactation 305-day milk yield, first lactation total milk yield, first lactation length, first calving period, first dry period and first service period were 0.72, 0.44, 0.71, 0.72, 0.31 and 0.64, respectively.
Dry period
The first dry period was 244 ± 2.8 days (Table 3) . Herd average varied between 198 ± 3.4 days (LES Bahadurnagar) and 277 ± 4.8 days (LES Khizerabad). Dry period varied in different herds over years of calving. First lactation 305-day milk yield was found as important covariable. Season of calving had no effect on first dry period. The dry period in all herds was too long and increasing (+1.31 days/year) over years ( Figure 1 ). The dry period averaged 248, 246, 243 and 238 days for summer, autumn, spring and winter seasons, respectively. The h 2 estimate for first dry period was 0.05 ± 0.02 (Table 4 ). The phenotypic, genetic and residual correlation between age at first calving and first dry period were 0.19, 0.31 and -0.23, respectively while with lactation milk yield, corresponding figures were 0.27, 0.53 and 0.17, respectively (Table 5 ). The estimated breeding values for first dry period were -48 to 35 days in sires and -40 to 34 days in cows (Table 6 ). The genetic trend in dry period was close to zero (Figure 2) . The 305-day milk yield was maximum in cows calving during autumn and minimum in summer season (Figure 3) . No specific genetic trend was observed for 305-day milk yield during the period under study (Figure 1 ).
Calving interval
Calving interval varied across different herd during different years. The lowest interval was observed at LES Allahdad and longest at LES Khizerabad. The cows calving in different years showed wide variation in first calving interval (Figure 1 ). Of the covariates, first lactation 305-day milk yield also affected the trait significantly (p>0.01). High producing cows had longer interval than low producers. The additive genetic merit of cows calving in different years did not show any improvement ( Figure  2 ).
Service period
First service period averaged 178 ± 3 days (Table 3) . It was minimum at LES Allahdad. Service period increased (1days/year) over the years (Figure 1 ). The shortest service period was recorded in winter calvers while the summer calvers took one month longer to rebreed. Heifers calving in spring and autumn seasons took 178 ± 3.5 and 179 ± 5.1 days, respectively to rebreed (Figure 3 ). The genetic trend was also close to zero for first service period during the years under study (Figure 2 ). 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002 Year of calving Service period (days) 1964 1968 1972 1976 1980 1984 1988 1992 1996 Year of birth Service period (days) 
Discussion
The findings of the present study are in line with earlier reports on Sahiwal cattle in Pakistan (DAHLIN et al., 1998) . A higher first lactation 305-day milk yield (2,083 ± 33 kg) based on 580 observations have been reported by BHATNAGAR et al. (1983) for Indian Sahiwal. REGE et al. (1992) reported an average of 1,145 kg for the Kenyan Sahiwal herd. Year and season effects on 305-day yield have previously been documented (DAHLIN et al., 1998; JAVED, 1999) . Winter calvers produce more milk because they peak and persist better than the summer calvers (KHAN, 1997) because of more fodder availability during spring season. Difference of 477 kg between highest and lowest herd in the present study is probably due to differences in availability of feed resources and managemental practices. Thus better management and feeding results in more milk than otherwise. The h 2 estimates reported in the present study are in the range of previous reports. Estimates have been reported between 0.01 to 0.18 for some of the herds in Pakistan (DAHLIN et al., 1998; JAVED, 1999; AHMAD et al., 2001 ). Higher estimate (0.25) has been reported for Sahiwal in India (BHATNAGAR et al., 1983) . Genetic correlation between 305-day milk yield and age at first calving calculated in the present study was similar to earlier reports on Sahiwal (GANDHI and GURNANI, 1988; DAHLIN et al., 1998) and other breeds under tropical conditions (GADER et al., 2007) . Adequate genetic variation in 305-day milk yield (DAHLIN et al., 1998) suggested good scope for genetic improvement in the trait. Genetic correlation between first lactation 305-day milk yield and lactation length was 0.41 which was not the same as 0.83 ± 0.04 estimated by DAHLIN et al. (1998) . Thus the suggestion that genetic correlation between the traits is close to unity and milk yield may not to be recorded, is not supported by the present study. Present findings regarding lactation length are similar to DAHLIN et al. (1998) while Ahmad and Ahmad (1974) reported higher lactation length (306.58 ± 2.67 days) for Sahiwal cows in one of the Sahiwal herds in Pakistan. Present h 2 estimate is in close conformity with the findings of JAVED (1999) (0.062 ± 0.039) and REDDY and NAGARCENKAR (1989) who reported the h 2 estimate for 1 st lactation length between 0 and 0.19 ± 0.20 in five Sahiwal herds. The age at first calving obtained in present investigation is quiet high as compared to previously reported (1,242 to 1,345 days) in Pakistani Sahiwals (AHMAD et al., 1992; MOHIUDDIN et al., 1994; TALBOTT, 1994; KHAN et al., 1999) . Smaller age at first calving (1,112 days) has been reported for Sahiwal herd in Kenya (REGE et al., 1992) . Weak genetic control of the trait suggests improvement in the feeding and management may reduce the age at first calving. Some of the previous reports (MOHIUDDIN et al., 1994; JAVED, 1999; KHATTAB et al., 2005) estimated genetic control close to zero for Sahiwal in Pakistan. However, some Indian studies (TOMAR et al., 1974) reported h 2 in the medium to high range. Genetic correlation between age at first calving and other traits have high variability as reported by various workers (DAHLIN et al., 1998; JAVED, 1999) . Increasing age at first calving at the rate of 22 days per year (LES Fazilpur) is reflective of deteriorating feeding and managemental practices in the replacement herd. The longer dry period found in the present study indicated poor reproductive management. When lactation length decreased over the years and so did the calving interval, dry period was likely to increase. Previously, Ahmad and Ahmad (1974) reported lower 1st dry period (182 ± 4.49 days). The low additive genetic control (h 2 = 0.03 ± 0.03) reported earlier (JAVED, 1999; KÖNIG et al., 2005) and in the present study pointed out to improvement in management. The generally accepted standard dry period of 60 days for improved breeds was far away in the Sahiwal herds under study. AHMAD and AHMAD (1974) reported calving interval of 490.21 ± 4.65 days in Sahiwals. Contrary to present study, significant effect of season of calving on the first calving interval has been documented (PYNE and DATTAGUPTA, 1994) . First calving interval was lowly heritable in the present study which is similar to earlier reports on Sahiwal breed (CHAND and NARAIN, 1984; DESHPANDE et al., 1983) . Its genetic correlation with age at first calving was favourable because selecting for lower age at calving would also improve calving interval favourably. Longer calving interval with increasing trend over the years puts a threat to the breed's economic viability. The situation will worsen if the current status persists. Improvement in feeding and reproductive management may help in reducing the calving interval. The low estimates of additive genetic control on the trait also indicated need for more detailed investigations into the environmental sources of variation masking genetic variation. Reduction of first service period for reduction of calving interval is required for economical milk production. The longer service period does influence the milk yield and vice versa as reported by TALBOTT (1994) and DAHLIN et al. (1998) . Optimum milk production in Sahiwal requires that cows calving in summer and autumn be given due attention to reduce service period. Cows calving in the most frequent calving season (winter) had the shortest service period (166 ± 5.2 days) and would need special attention with respect to feeding and reproduction as if they do not breed within 90 days are likely to have longer calving interval. The lower h 2 estimates of service period were similar to earlier reports (DESHPANDE et al., 1983; RATHI et al.,1992; JAVED, 1999) . The genetic correlation between age at first calving and first service period in the present investigation are similar to the study of BARWE et al. (1996) who reported the genetic correlation of 0.50 in Gir cattle. Genetic correlation of 0.54 suggests that improvement in age at first calving will reduce the service period. Performance of Sahiwal cattle for first parity traits may be similar to the earlier reports in the literature but deterioration in phenotypic and genetic ability in most of the economical traits is alarming. Not just culling on performance would be helpful, present recording and selection protocols need to be revised. Selection of AI bulls on the basis of highest lactation yield of their dams might also need to be looked into. Weight is generally a neglected trait at most of the government farms. It can help to further pin point deficiencies in the system. Genetic control of milk yield was estimated to be lower than some of the previous studies on Sahiwal and could be improved through eliminating factors which caused high variation in temporary environment. Cows calving in most frequent calving season (winter) have higher lactation yield, long lactation length and shortest service period. Therefore, to improve productivity of Sahiwal cows for first lactation traits, first 90 days of cows if get improved management, situation might improve. Some of the differences observed for seasons of calving may be due to grouping of months to account for seasonal temperature and humidity as compared to grouping on calving pattern. Herd differences in age at first calving also indicated lack of feeding management in female young calves. Recently started efforts to develop the breed need to focus on widening the genetic base by involving as many as large herd with the farmers, as possible and selection of young bulls for artificial insemination. There is a lot of variation and scope for improvement in the Sahiwal breed.
